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ABSTRACT

(1) What is learned in a particular subject matter?
(2) Who learns it? (3) How does compstence develop? (4) And how is
learning assessed and optimized? These are the questions asked and
answered in this essay. (1) The relationships between units of
learning establish the subject matter structures that are learned;
e.d., concepts, rules, principles, and strategies. Specific
properties of letters, pictures, numbers, and sounds comprise the
units and structures in the learning of young children. (2)
Traditionally, measurement and diagnosis of students followed a
"selection model." This practice may be superseded by an "adaptive
model;" that is, instruction will be modeled on the characteristics
of each student. (3) Competence develops in the student as he learns
overt and covert responses that change from simple, unitary responses
to large resrponse organizations and strategies and as he learns to
respond in apgropriate context. (4) The usual measures of learning
progress are ccncerned with the frequency of correct responses,
errors in relation to some performance standards, and the speed of
performance. Ftrther attempts need to he made to measure transfer of
knowledge, problem solvirg, and self-direction. References are
appended. (MF)
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THE PSYCHOLOGY OF LEARNING AND INSTRUCTIONAL TECHNOLOGYl

Robert Glaser
Learning Research and Development Center

University of Pittsburgh

The recent history of the psychology of learning displays an erratic
progress toward contact between scientific endeavors and technological

development. |

In the 1920's and '30's, E. L. Thorndiks showed exemplary
concern for the implications of psychology for "educational science.'" In
addition to his laboratory experimentation, Thorndike wrote extensively on
educational psychalogy and the psychology of school subjects. Concurrent
with and following Thorndike, a number of experimentally trained psychol-~
ogists worked on educational problems. After this time, the psychology of
learning entered a period of detachment and focused practically all of its

attention on its growth as a theoretical-experimental scientific discipline.

(See the reviews by Melton, 1941, and Estes, 1960 in the Encyclopedia of

Educational Research.) However, beginning in the late 1950's, to a large

extent catalyzed by Skinner and Bruner, experimental psychologists have
turned their thinking and enterprises to the analyses and investigation of
the educational, instructional process. At the present time, an instruc-
tional technology based upon an underlying science of learning is emerging.

(In 1969, for the first time, the Annual Review of Psychology included a

chapter on "Instructional Psychology.'") Technology, of course, in the above
sense, does not necessarily mean hardware and instrumentation, but rather an
applied discipline like medicine or engineering. The techniques and proce-
dures used by the practitioners of these technological disciplines develop
out of findings in their underlying sciences, and also develop because these
technologies somehow inform science of their needs. The purpose of this
paper is to show how instructional technology has generated problems for the
psychology of learning, problems that psychologists might not have taken on

(or taken on with less vigcr) if instructional psychology had not forced the

lWritten while the author was a TFTellow at the Center for Advanced Study in
the Behavioral Sciences in Stanford, California, 1969-70.
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issue. The point is illustrated by discussing four general questions: What
is learned in a particular subject matter, who learns it, how does competence

develop, and how is learning assessed and optimized?

Wiat Are the Units of Subject Matter Learning?

/A body of knowlcdge consists of information and of processeé:‘ Infor-
mation includes data, facts, concepts, and rules; processes refer\to the
cugnitive abilities and intellectual skills by which this information is
manipulated and transformed for the purposes of acquiring new knowledge and

carrying out intellectual performances. From the point of view of instruc-

1

he nresence of competence is inferred by rerer-

tional tneory aud practice,
t

=

ence to the behavior of an individual.” That a student possesses certain
information is inferred by behavior that is taken to indicate this state of
affairs. A student knows certain principles of physics because he can
describe them, identify their application, and :ecall and use them where
appropriate. Possession of the "ability to read" is inferred by behavior
present in the student which distinguishes him from a student who does not
display such a behavioral repertoire. The properties of a knowledge domain
determine the specific character of a student's behavior and, hence, deter-

mine the behavior involved in acquiring the information and abilities involved.

The content of a body of knowledge, ..e., the ways in which its information

is structured and can be processed, must be analyzed, to some extent, before
the conditions involved in the acquisition of this knowledge can be studied
and implemented. As a consequence of this, an increasingly prominent feature
of the psychology of learning, and attempts to apply it, is the analysis and
clzssification of the behavior to be learned (Bruner, 1964; Gagne, 1965, 1970;
Glaser, 1962; Mechner, 1965, 1967; Melton, 1964; Miller, 1965).

(;A prominent technigue for the analysis cof structures of knowledge has
been presented by Gagne'(l962). Given a task or instructional objective that
must be learned, the technique entails identifying prerequisite skills and
knowledge that the learner must command before he can successfully learn a
new task so that a hierarchy of competence is identified. { This analysis
begins with a desired lInstructional objective, stated in terms of student

behavior, and asks in effect, ''to perform this behavior, what prerequisite
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or component behavior(s) must the learner be able to perform?" For each
behavior identified, the same question is asked, thus generating a hierarchy
of behaviors based on identifiable prerequisites. The analysis can begin at
any level and postulates a sequence of learning. The importance of this
backward analytical procedure for instruction is that it provides a method
for identifying critical prior behaviors, behaviors which maximi:e transfer
to new learning and whose absence may be significant impediments to future

learning.

In practical application,)g hierarchical task analysis can stop when
the behaviors identified are the ones that the instructional designer believes
can be safely assumed to exist in the student populatiovu. Aaalyzic cof rhis
kind allempts to provide an ordered set of tasks [or inclusicn in an instruc-
tional sequence. The basic constraint is implied that no objective is taught
to the learner until he has met the prerequisites which facilitate learning
and transfer to the next objective. These prerequisite learnings can be
achieved in a variety of ways; some individuals can learn them one at a time,
and others learn a number of them apparently in larger steps. The instruc-
tional process is optimized by continuous identification of the furthest
skill along the hierarchy that a student can perform at any moment; or if a
student is unsuccessful in performing a particular task objective, by deter-
mining the most immediate subobjective a: which he is successful. These
hierarchies indicate transfer relationships between the elements of increasing
knowledge or task competence, and make explicit what behaviors are to be
observed and tested for. Techniques are being developed for the generation
and validation of learning hierarchies (Resnick & Wang, 1969; Resnick, Wang,
& Kaplan, 1970). Psychometric scaling procedures and studies of transfer
are being used to analyze the results. These results lead to the redesign of
the sequences so that there is a greater match between hierarchical components
and transfer of training. These procedures for analysis of what is to be
learned generate structures around which instruction can be designed and

learning take place.

The relationships between units of learning establish the subject matter
structures that are learned, e.g., concepts, rules, principles, and strategies.

With increasing knowledge and with increasing maturity of the learner, these



units of behavior become progressively larger. At certain phases in the
acquisition of knowledge, a structure can become a unit of higher structure.
For example, consider the progression of phases in a child learning to read.
Assuming that the child has learned to speak, the first phase in the process
is the discrimination of graphic symbols (printed letters). In the second
phase, these discriminated objects are encoded or mapped onto language so
that spelling~to-sound (grapheme-phoneme) correspondences are acquired. At
this point, relationships are established between the discriminated symbols
and speech units. In later phases, the student learns to read not letter-
by-lctter, but by words and paragraphs, and the previously learned units

an otructures become part of higher-order structures.

- Tn generzl, the cbjects and cvents that comprise the units and structures
in the learning of young children ave distinctive fcaturee, such as specific
properties of letters, pictures, numbers, and speech sounds. Individuals
lcarn to discriminate and attend to such specific [eatures. They also learn
certain regularities or invariances such as the frequently occurring position
of letters in a particular language, frequently occurring patterns of speech,
regularities of grammatical syntax, and mathematical relations such as
equality and transigivity i(Gibson, 1969). In large part, such structures
determine or form the basis of the content of a subject matter learning that
is manifested in competent subject matter behavior, and psychological research
in imstruction has as a basic requirement the identification of the units
and structures involved in subject matter performance (Gagne & Gephart, 1968;
Gibson, 1965). In addition to analyzing the structures of advanced knowledge,
one must also determine those units and structures which serve optimally to
facilitate learning for the novice (Bruner, 1964). This means that a technol-
ogy of instruction must specify the ways in which a body of knowledge can be
organized so that it can be most readily grasped by the learner as he pro-

gresses to advanced competence.

How Do Instructional Conditions Interact with the Characteristics of a Learner?

Detailed diagnosis of the initial state with which a learner comes into

a marticular instructional situation is necessary to further his education.

In the early stages of instruction, teaching procedures adapt to the findings

ERIC 6
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of this initial assessment; later in learning, instructional conditions are
adapiive to the achievement and style of the learner. 1In this regard, an
important distinction between measurement and diagnosis must be noted:
Traditional measurement practices have assumed essentially a '"selection
model" of instruction in which the aptitudes of a student arc measured and
used to predict the student's success in a reiatively uniform instructional
environment for all students. In contrast, a present concern in educational
technology is to establish different conditions and procedures for learning,
depending upon the initial state and progress of the learner. In this sense,
present instructional technology seeks to provide "an adaptive model" for
instruction so that on the basis of measurement of an individual's charac-
teristics, instructional conditions can be provided appropriate to the
student's capabilities; in this way, dillerent students can reach the same

instructional ocutccmes through various learning paths.

fQ

A direction necessary to take for this purpose has been pointed to by
Cronbach (1957, 1967), and by Cronbach and Gleser (1965). These authors
suggest a departure from the standard practices of test theory based upon
the basic data of correlations between aptitude tests given at the beginning
of a course of instruction and criterion variables measuring instructiscnal
outcomes. The new direction suggested is to move toward decision-making
procedures based upon relationships between the entering behavior of a
learner and the variables manipulated in instruction. Rather than employing
measures of entering behavior which select individuals who have a high prob-
abili<y of being successful in an available instructional system, ti:e model
suggested is one in which measures are taken on the basis of which a decision
can be made as to what instructional environment an individual should select

in order to optimize his attainment of learning outcomes.

The implication of the adaptive model is that the relationship between
measures of entering behavior and instructional method are not very useful
unless these measures and instructional method interact. This means that if
we have a measure of entering behavior, say, an aptitude measure, and two
different instructional methods, and if the aptitude measure predicts success

equally well with both methods, then it has no value in deciding which method

to suggest to the student. In order to make a decision about a particular
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student, with respect to what method he should consider, rciationships
between aptitudes and treatments are required which predict differential
success with alternate methods. For the most part, measures of general
aptitude and general intelligence measur  seem likely to be not the most
useful bases for differentiating and adapting dinstruction because they cor-
relate with success in most instructional methods. As a result of this
state of affairs, psychologists are at present very active in the investi-
gation of the interaction between aptitude measures and learning variables.
However, the general reviews and analyses of the field of aptitude-method
interaction< reported by Bracht and Glass (1968), and Cronbach and Snow
(1969) show a disarming lack of interactions between traditional aptitude
measures and learning variables. A further attempt to analyze the reasons

for this has been presented elsewhere (Glaser, 1970a).

One direction which may provide some leads for the study of the inter-
action between instructional conditions and learner characteristics has been
indicated in a study by Fleishman (1965, 10A7). Tn the learning of psycho-
motor skills, Fleisliuman compared the contribution of the various abilities
tested at the beginning of learning to performance scores on successive
learning trials during practice. He showed that the particular combinations
of abilities contributing to performance change as practice continues, and
that the different abilities existing prior to entering a learning task
influence learning at different learning stages. The implication is that
individuals with different patterns of abilities require different learning
experiences at different stages of learning. In the area of verbal learning,
Jensen (1266, 1967, 1968) has suggested certain aspects of human performance
that appear to interact with the learning of verbal tasks. In general, the
instructional conditions that appear to be adaptive to learner characteristics
are conditions related to the processes required for task performances

encountered in the course of learning.

What Are the Behaviors That Differentiate the Novice from the Competent

Performer in a Subject Matter?

In attaining subject matter knowledge and intellectual skill, the

learner proceeds through a novitiate and then on to relative expertise; he

5
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learns to be a good rcader, a competent mathematician, a deep thinker, a
quick learner, a creative person, an inquiring individual, etc. These
activities are learned according to criteria of expertise established by

the school and the community; more specifically by subject matter require-
ments, peer group expectations, and the general social and professional
criteria for what determines low, average, and high levels of competence.
The educational and social community adjusts its expectations to the com-
petence level of the learner so that initially awkward and partially correct
performances are acceptable whereas iater they are not; a young child or a
novice is frequently rewarded for rather uninteresting behavior but as com-
petence grows, his performance is attended to only if it occurs in the
presence of an appropriace audience or in an appropriate context. It is

the process of going from ignorance to competence, from novice to expert,
that establishes a useful way of looking at the processes and character-
istics of instruction. Four general properties of behavior appear to
distinguish the performance of the beginner from the behavior of the expert.

These are the following:

(1) The learner learns overt and covert responses that change from

simple, unitary responses to large response organizations and strategies.

The behavior of the novice is relatively simple, in the sense that the

units of performance are small, the subject matter stimuli are not complex,
the responses to these stimuli frequently involve simple matching and simple
discriminations, and there is not much that appears to intervene between the
subject matter context and the response. The novice's initial responses are
quite variable and crude; however, as the instructor introduces successively
more rigorous standards, performance accuracy increases. Responses become
more precise; they are accomplished within finer tolerances; they are less
hesitantly performed and require little external prompting. A student of
music, for example, increasingly is able to maintain a precise tempo; a
mathematics student solves his problems with increasing speed and accuracy;

and his geometric proofs become more elegant.

As competence grows, performance involves the integration of many
responses. Performance frequently involves long chains of activity which

appear to be guided by certain overall strategies and rules. Competent
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performance also appears to involve an adaptive use of these strategies and
rules so that they are selectively used, creatively rearranged, and tenta-

tively tested.

(2) The learner learns to respond in appropriate context. In a sense,

the stimuli of the subject matter and the problem situations in which they
occur "appear to exert control' over the behavior of the learner. For the
beginner, the elements of the subject matter, e.g., numbers, words, formulae,
concepts, and principles, may evoke behaviors which are not especially appro-
priate for these stimuli. Competence is displayed in the presence of subject
matter contexts, to which the student responds with appropriately skillful
behavior; a good writer uses words with subtle appreciation of their nuances
of meaning, as does a good scientist when he uses his technical vocabulary.
The more readily a stimulus context sets the occasion for the occurrence of
appropriate behavior, the greater the degree to which mastery of the subject
matter is manifested. In this sense, the expert is controlled by the dis-

tinctions, concepts, rules, and in general, by the discipline of his subject

. matter.

Specific and literal stimuli control the behavior of the beginner. As
competence grows, specific stimuli become members of large classes of events
so that the learner responds and generalizes to what is invariant among all
the instances of a class. A particular instance may represent an example
of a particular concept or general rule and be responded to as such; the
presence of a particular conceptual structure must be detected when it is
embedded in a complex context so that the complexity can be handled in a
meaningful way. The music student detects the presence of certain forms of
musical construction; the student of mathematics decides whether the problem
at hand requires multiplication or division or the use of a particular
formila for solution. Much of what occurs in subject matter learning

involves responding to familiar stimuli in new contexts.

(3) The behavior of a novice is characterized by much less implicit

mediation and information-processing between stimulus and response than is

the behavior of an expert. While the novice in a subject matter may bring

information from other subjects, he is characterized by having relatively

few pertinent subject matter concepts with which to process subject matter

8
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inputs. Increasing competence involves the development and establishment

of sequences of behavior which involve implicit mediational responses and
implicit information-processing procedures. At the beginning of instruction,
each step in a procedure may need to be made explicit and overt; as competence
grows, much of this behavior becomes internalized so thar minim:l external
contexts can generate complex responses. The increased internalization of
behavior involves increased mediation and transformation between stimulus

and response. Cues for performance may be internally generated on the basis
of minimal external cues; and events contingent upon a response may be sup-

plied by the learner himself as a form of self-reinforcement (Bandura, 1971).

While the expert is less dependent than the beginner upon all the details
and external supports in a situation, the expert is nevertheless highly
responsive to the requirements of subject matter details, e.g., a well pro-
portioned nainting, an elegant solution for a theorem, a quick diagnosis
of a symptom, and a skillful legal defense. Early in learning, explicit
information and feedback need to be provided to the learner about the appro-
priateness or correctness of his responses. As competence grows, the student
becomes increasingly able to discriminate and to establish standards for
appropriate behavior; as an expert, he is now in a position to observe his
own behavior and judge it in terms of what he recognizes to be a most appro-

priate or especially skillful response.

(4) Novice and expert are differentiated on the dimension of autonomy

and independence. A beginner, for the most part, follows the instruction

of his teacher or his textbooks rather strictly. He pe.forms "according to
the book,"” and keeps within the ru'as of the discipline because he is still
in the process of mastering them. However, as he moves from crude responses
to precise ones, from the requirements of unique instances to response
classes, and from short response sequences with minimal mediation to more
elaborate processing, the learner becomes increasingly free of subject
matter constraints. This is akin to saying that once an expert has acquired
mastery of the rules of his subject matter, he is now free to manipulate
these rules in creative ways. And, since he internalizes these rules, he is
less dependent on the immediate constraints of a problem situation and can

generate behavior with seeming independence from external inputs and can

O
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perform for long periods of time largely as a result of his own performance.

In summary, a model, then, of the changes that take place as an
individual progresses from ignorance to competence involves the following:
(1) the responses of the learner move from variable, awkward, and crude, to
consistent, relatively fast, and precise. Responses develop from single
unitary acts into large response integrations and overall strategies.

{(2) Subject matter stimuli change from specific instances to members of
response classes (concept classes), and the invariants of these classes
become the major stimulus events. Stimulus contexts change from simple ones
with a great deal of clarity to complex patterns in which relevant aspects
must be distinguished from irrelevant, and information must be abstracted
from a context of events which are not all appropriate. (3) Behavior

becomes increasingly symbolic and eovert in the form of mediational responses
and information-manipulating proceéses. The learner responds increasingly to
internal representations of an event, to internalized standards, and to
internalized strategies for thinking and problem solving. (4) The behavior
of the expert becomes increasingly self-sustaining, increasingly masterful

in terms of his skillful employment of the rules when they are applicable

and his subtle bending of the rules in appropriate situations. Increasing
reliance is placed on one's own ability to generate the events by which one

learns and the criteria by which performance is judged and valued.

The process of instruction is concerned with implementing this growth
from ignorance to competence, and the characteristics of the course of this
growth determine the design of an instructional environment. As the learner
interacts with this environment, certain lawful psychological processes
influence the way in which this interchange occurs (e.g., Gagné} 1970;
Glaser, 1971; Hilgard, 1964; Hilgard & Bower, 1966; Skinner, 1968). The
conditions provided for instruction are determined, as has been indicated,
by the properties of the behavior to be learned, the characteristics of the
learner, and the nature of the growth of subject matter competenca. The
particular properties of the competent behavior acquired depend upon the
details of the instructional environment that is provided in an educational
setting, such as teacher practices, textbook design, teaching machines and
instructional materials, peer-student interactions, school-community inter-

action, and the learning skills of the student himself.

10
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tiow Is Pertormance Assessed and Utilized for Optimizing L:arning Qutcomes?

With knowledge of learner characteristics and with alternate instruc-
tional procedures available, adaptation is made to the student's performance,
i.e., his mastery of prerequisites, rate of learning, requirements for amount
of practice, degree of necessary structure and prompting, scheduling of rein-
forcement, etc. Different individuals are assigned to (or the student may
assign himself to) different instructional conditions. Initial placement
decisions reflect only initial assignment and are corrected by further assign-
ments as learning proceeds, so that alleocation to instructional procedures
becomes a multistage decision process which defines an individual instructional

path.

,~As a student proceeds to learn, his performance is assessed at appro-
priate intervals, and measures of this performance are summarized and indexed.
The kinds of measures of learning progress one usually obtains, and on which
instructional decisions are made, consist ofygnformation (frequently test
scores) which measures the frequency of correct responses,'érrors in relation
to some performance standardé, and thé/speed of performance. The use of
measures of transfer and generalization is particularly to be encouraged;
and perhaps this is done, to some extent, when one selects a set of test
items which are derived from the same universe of subject matter content
but are not the same sample as was used in initial learning. Of special
interest are measures that are being suggested by experimental work on
learning; these are measures which can be obtained in the course of learning
and may be predictive of future learning requirements. erk along these

lines has been mentioned elsewhere (Glaser, 1970b).

An adaptive instructional process employs a reiterative pattern of
assessment and instructional prescription where decisions are made sequen-
tially, and decisions made early in the process affect decisions made sub-
sequently. The task of instruction is to prescribe the most effective
sequence of learner-—environment interactions. Problems of this kind in other
fields of endeavor have been tackled by optimization procedures (e.g., Wilde
& Beightler, 1967). Optimization procedures involve methods of making
decisions by selecting measures of effectiveness and determining the best

solution according to these criteria, taking account of appropriate situational

11
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constraints. Groen and Atkinson (1966) have outlined how an instructional
model would operate along these lines. The optimization problem of major
concern is finding a& decision procedure (to be implemented by the student,
teacher, and/or a teaching device) for deciding which instructional alter-
natives to present at each stage, given the instructional alternatives avail-
able, the set of possible student responses to the previous lesson unit, and
specification of the criteria to be optimized for the judgment of competence.

This decision procedure defines an instructional strategy.

The design of an adaptive approach to instruction requires at least
two essential tasks: The first requirement is for experimental studies of
learning to place emphasis on discovering the relationship between indi-
vidual differences and learning variables. Fortunately, there is a growing
comnmitment in learning theory to the individual case--recognized but not
incorporated to any extent by Hull, certainly urged upon us by Skinner and
associates, and recognized in the recent information-processing, computer
simulation models of human behavior. There seems little doubt that one major
test of the adequacy of competing learning theories will be the extent to

which they incorporate parameters which account for individual differences.

The second task refers to the fact that criterion measures of what is
to be optimized become critical. If individualizing the instructional
process permits instruction to become precise enough, a good job can be done
to maximize some gains and minimize others, but some criteria may be mini-
nized inadvertently unless the presence of the latter is desired, analyzed,
and assessed. Extensive work is going on in measurement theory and tech-
niques as related to the instructional process (Bormuth, 1969; Cronbach, 1963;
Glaser & Nitko, 1970). 1In part, this work involves techniques for the
development of criterion-~referenced measures of achievement in contrast to
the more commonly used norm-referenced measures (Ebel, 1962; Flanagan, 1951;
Glaser, 1963; Popham & Husek, 1969). Criterion-referenced measures are tests
that are constructed to yield measurements that are directly interpretable
in terms of specified performance standards rather than relative standards
such as percentile scores or normal-curve standard scores. In addition,
ser.ous attempts need to be made to measure what has heretofore been so

difficult--those aspects of learning and knowledge that are basic to an

12




individual's capability for continuous growth and development, including

transfer of knowledge to new situations, problem solving, and self-direction.
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